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1
ELECTROMAGNETIC DEVICE

FEDERAL RESEARCH STATEMENT

This patent application relates to subject matter invented
pursuant to US Army contract number 40096327 of Sep. 20,
2010. The government has certain rights to this invention.

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to electromag-
netic devices and machines and, more particularly, to an
arrangement for determining the position of a generator or
motor rotor.

In a power conversion system, such as a variable-speed,
constant-frequency (VSCF) power generating system, a gen-
erator, typically a brushless, three-phase synchronous gen-
erator, is operated in a generating mode to convert variable-
speed motive power supplied by a prime mover into variable-
frequency alternating current (AC) power. The prime mover
may be, for example, a gas turbine engine of an aircraft. In
some cases, the variable-frequency AC power produced by
the generator is transmitted to a rectifier where it is rectified
and provided as a direct current (DC) signal over a DC link to
an inverter. The inverter may then invert the DC signal on the
DC link into constant-frequency AC power for supply over a
load bus to one or more AC loads.

A generator can also be operated as a motor in a starting
mode to convert electrical power supplied by an external AC
power source into motive power which may in turn be pro-
vided to the prime mover to bring the prime mover up to
self-sustaining speed. For example, when operated in a start-
ing mode, the generator can be used to start a gas turbine
engine of an aircraft.

One type of a brushless, synchronous generator, which can
be operated in both a generating mode and a starting mode,
includes a permanent magnet generator (PMG). In order to
properly control such a generator, it is necessary to time the
rectification in synchronicity with the position of the genera-
tor’s rotor. Previously, such synchronization was achieved by
using a position sensor such as a Hall Effect sensor. As the
rotor of the PMG rotates, the voltage across each Hall Effect
sensor varies from zero to a maximum as a function of rotor
position such that the outputs from the Hall Effect sensors are
representative of the position of the rotor. The output signals
from the Hall Effect sensors are then used to control switch-
ing elements in the rectifier.

The use of such position sensors, however, entails consid-
erable expense in the position sensor itself and its associated
electronics, and further results in extra wires and extra assem-
bly steps to install the position sensing apparatus. Also,
operational parameters often limit the accuracy of such posi-
tion sensors.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, an electromag-
netic device is provided and includes a stator defining a bore,
a rotor rotatable within the stator bore and having permanent
magnetic elements disposed about an outer surface thereof to
define a series of magnetic poles, power coils configured to
generate a power current as a first portion of the magnetic
poles pass each of the power coils due to rotor rotation and
sense coils configured to generate a sense current as a second
portion of the magnetic poles pass each of the sense coils due
to the rotor rotation.
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According to another aspect of the invention, an electro-
magnetic device is provided and includes a stator defining a
bore, a rotor rotatable within the stator bore and having per-
manent magnetic elements disposed about an outer surface
thereof to define a series of magnetic poles, power coils
supportively wound in the stator about a first section of the
rotor and configured to generate a power current as a first
portion of the magnetic poles pass each of the power coils due
to rotor rotation and sense coils supportively wound in the
stator about a second section of the rotor and configured to
generate a sense current as a second portion of the magnetic
poles pass each of the sense coils due to the rotor rotation.

According to yet another aspect of the invention, an elec-
tromagnetic device is provided and includes a stator defining
a bore, a rotor rotatable within the stator bore and having
permanent magnetic elements disposed about an outer sur-
face thereof to define a series of twenty-eight magnetic poles,
power coils supportively wound in the stator about a first
section of the rotor and configured to generate a power current
as at least twenty-five of the magnetic poles pass each of the
power coils due to rotor rotation and sense coils magnetically
and electrically decoupled from the power coils and support-
ively wound in the stator about a second section of the rotor,
the sense coils being configured to generate a sense current as
at least one of the remaining three of the magnetic poles pass
each of the sense coils due to the rotor rotation.

These and other advantages and features will become more
apparent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWING

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is an axial view of an electromagnetic device in
accordance with embodiments;

FIG. 2 is an axial view of an electromagnetic device in
accordance with further embodiments;

FIG. 3 is a schematic diagram illustrating an arrangement
of power and sense coils of the electromagnetic device of
FIGS. 1 and 2 in accordance with embodiments;

FIG. 4 is a schematic diagram illustrating an arrangement
of power and sense coils of the electromagnetic device of
FIGS. 1 and 2 in accordance with further embodiments; and

FIG. 5 is a schematic diagram of a system for producing
direct current (DC) output.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIGS. 1 and 2, an electromagnetic device
10 is provided. The electromagnetic device 10 includes a
housing or stator 20, a rotor 30, power coils 50 and sense coils
60. The stator 20 defines a bore 21 in which the rotor 30 is
rotatably disposed. The stator 20 has a body 22 that may be
cast, molded, machined or formed of multiple laminations
that are bonded together to define slots 23. The body 22 may
be formed as a single piece 24, as shown in FIG. 1, or in
multiple pieces 25 and 26, as shown in FIG. 2. In either case,
the body 22 may have a substantially cylindrical internal
shape with the bore 21 defined to extend longitudinally
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through the body 22. The rotor 30 is similarly substantially
cylindrical and sized to fit within the bore 21 such that the
rotor 30 is free to rotate about the longitudinal axis 31, which
extends through a central longitudinal axis of the rotor 30.

The rotor 30 has a substantially cylindrical outer surface 32
that opposes a cylindrical inner facing surface of the bore 21.
Permanent magnetic elements 33 are disposed on or near this
outer surface 32 and about the rotor 30 at one or more axial
positions. The permanent magnetic elements 33 are config-
ured and arranged to define a series of magnetic poles 34
including north poles 341 and south poles 342, which are
arranged in a repeating, alternating and substantially uniform
series. In accordance with embodiments, twenty-eight mag-
netic poles 34 may be defined about the rotor 30.

The power coils 50 are supportively wound in the slots 23
ofthe body 22 of the stator 20 with, for example, a %5 pitchand
a 3 phase “wye” connection. The power coils 50, of which
there may be an A-phase power coil 501, a B-phase power coil
502 and a C-phase power coil 503, thus form a series of
windings 51 (i.e., 3-phase windings) that together encompass
aregion defined about a first section 52 of the rotor 30. As the
rotor 30 rotates within the bore 21, each of the magnetic poles
34 approaches and then recedes from each of the windings 51
of'each of the power coils 50. The flux field generated by this
rotation thereby induces an alternating current in each of the
power coils 50. The power coils 50 are thus configured to
generate a power current in a form of alternating current (AC)
as a constantly changing first portion of the magnetic poles 34
pass each of the windings 51 of each of the power coils 50 due
to the rotor rotation.

The stator 20 also includes the sense coils 60 that are
magnetically and electrically separated and insulated from
the power coils 50 and, like the power coils 50, are also
supportively wound in the slots 23 of the body 22 of the stator
20 with, for example, a %5 pitch and a delta or 3 phase “wye”
connection. The sense coils 60, of which there may be an
A-phase sense coil 601, a B-phase sense coil 603 and a
C-phase sense coil 602, thus form a series of windings 61 (i.e.,
3-phase windings) that together encompass a region defined
about a second section 62 of the rotor 30. As the rotor 30
rotates within the bore 21, each of the magnetic poles 34
approaches and then recedes from each of the windings 61 of
each of the sense coils 50. The flux field generated by this
rotation thereby induces an alternating current in each of the
sense coils 60. The sense coils 60 are thus configured to
generate a sense current in a form of alternating current (AC)
as a constantly changing second portion of the magnetic poles
34 pass each of the windings 61 of each of the sense coils 50
due to the rotor rotation.

By referring to a current output of the sense coils 60, a
current rotational position and/or speed of the one or more
magnetic poles 34 inducing the sense current can be deter-
mined. Moreover, since the magnetic poles 34 are arranged in
the repeating, alternating and uniform series, determining the
current position of the one or more magnetic poles 34 induc-
ing the sense current is effectively deterministic of the current
position of each of the magnetic poles 34 about the rotor 30
and of the current rotational position and/or speed of the rotor
30. As such, the respective positions and movements of the
magnetic poles 34 relative to the windings 51 of the power
coils 50 can also be determined such that the AC output by the
power coils 50 can be rectified with high precision and accu-
racy as will be described below. This ability to rectify the AC
output by the power coils 50 provides for an efficient opera-
tion of the electromagnetic device 10 that supersedes any loss
of power dictated by the replacement of a number of power
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4

coils 50 at the second section 62 of the rotor 30 with a
corresponding number of the sense coils 60.

As shown in FIGS. 1 and 2, the first section 52 of the rotor
30 encompasses at least twenty-five of the twenty-eight mag-
netic poles 34. These twenty-five magnetic poles 34 are con-
stantly changing during the rotation of the rotor 30. The
second section 62 of the rotor 30 encompasses at least one of
the remaining three of the twenty-eight magnetic poles 34,
which are similarly constantly changing. In the case of the
first section 52 encompassing twenty-eight magnetic poles 34
and the second section 62 encompassing one magnetic pole
34, the sense coils 60 may be separated from the power coils
50 by an air gap 70.

With reference to FIG. 3, an arrangement of power coils 50
and sense coils 60 of the electromagnetic device 10 is illus-
trated. As shown in FIG. 3, the A-phase power coil 501 forms
a series of windings 51 that lags the windings 51 of the
C-phase power coil 503 by 30°. Similarly, the windings 51 of
the C-phase power coil 503 lags the windings 51 of the
B-phase power coil by 30°. The sense coils 60 are disposed
within the gap defined between electrical and polar opposite
ends of the power coils 50 such that the sense coils 60 may be
disposed in phase with the power coils 50 although this is not
required as will be discussed below. For the sense coils, the
A-phase sense coil 601 forms a winding 61 that trails the
winding 61 of the C-phase sense coil 602 by 30°. Similarly,
the winding 61 of the C-phase sense coil 602 trails the wind-
ing 61 of the B-phase sense coil 603 by 30°.

With reference to FIG. 4, an alternative arrangement of the
power coils 50 and the sense coils 60 of the electromagnetic
device 10 is illustrated. As shown in FIG. 4, the sense coils 60
may be provided with a lead or lag phase shift relative to the
phase of the power coils 50. In FIG. 4, this phase shift is
illustrated as a 30° lead phase shift although it is to be under-
stood that this is merely exemplary and that alead or lag phase
shift is possible in varying degrees. In the case of the lead
phase shift, the processing unit 90 (see FIG. 5), which will be
discussed below, may be provided with additional processing
time to determine the rotational position and/or rotational
speed of the rotor 30 and will be programmed to account for
the additional time due to the phase shitt.

With reference to FIG. 5, a system 75 for producing direct
current (DC) output is provided. The system 75 includes the
electromagnetic device 10 described above and further
includes a driving element 80, a processing unit 90 and a
rectifier 100. The driving element 80 provides motive power
to drive the rotation of the rotor 30 and may be, for example,
a gas turbine engine whose drive shaft is coupled to or inte-
grally formed with the rotor 30. The processing unit 90 may
include a digital signal processor and a memory/storage unit
having executable instructions stored thereon. When
executed, the executable instructions cause the digital signal
processor to be receptive of the AC from the sense coils 60 and
to determine the rotational position and/or speed of the rotor
30. It shall be understood, however, that the instructions could
be implemented in hardware, firmware or a combination
thereof.

The rectifier 100 is coupled to the processing unit 90 and
configured to rectify the AC of the power coils 50 into an
output of direct current (DC) voltage in accordance with the
determined rotational position and/or speed of the rotor 30. To
this end, the rectifier 100 is receptive of the AC from the
power coils 50 and may include a series of transistors 101,
respectively coupled to the A-phase power coil 501, the
B-phase power coil 502 and the C-phase power coil 503. The
transistors 101 operate by turning on and off at appropriate
times based on the determined rotational position and/or



US 9,300,194 B2

5

speed of the rotor 30 to cooperatively produce the DC output
from, for example, the peak values of the received AC current
of the A-phase power coil 501, the B-phase power coil 502
and the C-phase power coil 503.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

The invention claimed is:

1. An electromagnetic device, comprising:

a stator defining a bore;

a rotor rotatable within the stator bore and having perma-
nent magnetic elements disposed about an outer surface
thereof to define a series of magnetic poles;

power coils configured to generate a power current as a first
portion of the magnetic poles pass each of the power
coils due to rotor rotation; and

sense coils configured to generate a sense current as a
second portion of the magnetic poles pass each of the
sense coils due to the rotor rotation,

the power and sense coils being disposed in a circumfer-
entially displaced, non-overlapping and co-radial con-
dition and separated at complementarily opposite
respective ends thereof.

2. The electromagnetic device according to claim 1,
wherein the sense coils are magnetically and electrically
decoupled from the power coils.

3. The electromagnetic device according to claim 1,
wherein the sense coils are separated from the power coils by
an air gap.

4. The electromagnetic device according to claim 1,
wherein the sense coils have a 30° phase shift relative to the
power coils.

5. An electromagnetic device, comprising:

a stator defining a bore;

a rotor rotatable within the stator bore and having perma-
nent magnetic elements disposed about an outer surface
thereof to define a series of magnetic poles;

power coils supportively wound in a first partially circum-
ferential section of the stator about a first section of the
rotor and configured to generate a power current as a first
portion of the magnetic poles pass each of the power
coils due to rotor rotation; and

sense coils supportively wound in a second partially cir-
cumferential section of the stator about a second section
of'the rotor and configured to generate a sense current as
a second portion of the magnetic poles pass each of the
sense coils due to the rotor rotation,

the first and second partially circumferential sections of the
stator being disposed in a circumferentially displaced,
non-overlapping and co-radial condition and separated
at complementarily opposite respective ends thereof.

6. The electromagnetic device according to claim 5,
wherein the stator comprises a stator core formed of multiple
segments.

7. The electromagnetic device according to claim 5,
wherein the sense coils are magnetically and electrically
decoupled from the power coils.
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8. The electromagnetic device according to claim 5,
wherein the permanent magnetic elements are arranged in a
repeating pattern of north and south poles about the outer
surface of the rotor.

5 9. The electromagnetic device according to claim 5,
wherein the permanent magnetic elements are disposed to
define twenty-eight magnetic poles.

10. The electromagnetic device according to claim 9,
wherein the first section of the rotor encompasses twenty-five
consecutive magnetic poles of the twenty-eight magnetic
poles and the second section of the rotor encompasses a
middle one of the remaining three of the twenty-eight mag-
netic poles.

11. The electromagnetic device according to claim 5,
wherein the power coils and the sense coils are disposed at a
same radial position about the rotor and the sense coils are
separated from the power coils by air gaps respectively cir-
cumferentially associated with separations of the first and
second partially circumferential sections of the stator.

12. The electromagnetic device according to claim 5,
wherein the power coils are arranged with a %5 pitch and a 3
phase “wye” connection.

13. The electromagnetic device according to claim 5,
wherein the sense coils are arranged with a %3 pitch and a delta
or 3 phase “wye” connection.

14. The electromagnetic device according to claim 5,
wherein the sense coils have a 30° phase shift relative to the
power coils.

15. The electromagnetic device according to claim 5,
wherein the sense coils have a 30° lead phase shift relative to
the power coils.

16. The electromagnetic device according to claim 5,
wherein the sense coils have a 30° lag phase shift relative to
the power coils.

17. A system for producing direct current (DC) output, the
system comprising the electromagnetic device according to
claim 1 and further comprising:

a driving element to drive the rotation of the rotor;

a processing unit, coupled to the sense coils to determine a
rotational position of the rotor from the sense current;
and

a rectifier, coupled to the power coils and the processing
unit, to rectify the power current in accordance with the
determined rotational position.

18. The system according to claim 17, wherein the driving

element comprises a gas turbine engine.

19. The system according to claim 17, wherein the rectifier
comprises a series of transistors to cooperatively produce the
DC output.

20. An electromagnetic device, comprising:

a stator defining a bore;

a rotor rotatable within the stator bore and having perma-
nent magnetic elements disposed about an outer surface
thereof'to define a series of twenty-eight magnetic poles;

power coils supportively wound in the stator about a first
section of the rotor and configured to generate a power
current as at least twenty-five of the magnetic poles pass
each of the power coils due to rotor rotation; and

sense coils magnetically and electrically decoupled from
the power coils and supportively wound in the stator
about a second section of the rotor, the sense coils being
configured to generate a sense current as at least one of
the remaining three of the magnetic poles pass each of
the sense coils due to the rotor rotation,

the first and second sections of the stator being disposed in
a circumferentially displaced, non-overlapping and co-
radial condition and separated at complementarily oppo-
site respective ends thereof.
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